Staphylea preparations are used in TCM and have been used by native Americans for a number of indications, such as rheumatism. Based on this knowledge, the anti-inflammatory activity of light petroleum extracts of leaves of Staphylea colchica Stev., S. elegans Zab., S. holocarpa Hemsl. and S. pinnata L. has been determined using in vitro assays for inhibition of cyclooxygenase (COX-1 and COX-2) and leukotriene B 4 (LTB 4 ) formation by lipoxygenase (5-LOX). All extracts inhibited COX-1 and COX-2, with S. holocarpa and S. elegans performing best. Inhibition of LTB 4 formation was less pronounced. As unsaturated fatty acids are known to inhibit arachidonic acid metabolism in vitro, the fatty acid content was determined of the active extracts and set in correlation with their activity. Unsaturated fatty acids were found to contribute to the observed COX-2 and LTB 4 formation inhibitory activity to a different extent.
Members of the genus Staphylea L., bladdernut (Staphyleaceae), are deciduous shrubs or trees which are found in temperate zones of the Northern Hemisphere, in the tropics, south-western Europe, eastern Asia, middle and north-western America and southern Canada. They are cultivated for their bright green foliage and white flowers. S. pinnata L., growing naturally in Slovakia, is a protected species in this territory [1, 2] . A decoction of Staphylea fruit is used in Traditional Chinese Medicine as a cough remedy and its fresh roots are used for blood refreshment after delivery [3] . Indigenous Americans used infusions of either the bark or the whole plants internally to treat rheumatism and externally for sores on the face, swelling of genitals, and sedation of children [4, 5] .
Several compounds have been isolated from the leaves of Staphylea species, among them flavonoids [6] , proanthocyanidins, phenolic acids, sugars [7] , megastigmanes [8] , triterpenes, steroids, fatty acids, cycloartenol, tocopherols [9, 10] , pinnatanine, oxypinnatanine [11] , and noreugenine-7-O-glucoside [12] . Some of these could be active cyclooxygenase and lipoxygenase inhibitors. Many lipoxygenase inhibitors simply act as nonselective antioxidants by reducing the active-site ferric iron and thus interrupting the catalytic cycle. Arachidonic acid analogues have also been detected as good inhibitors of lipoxygenase, due to their structural similarities, as they compete with arachidonic acid for the active site of the enzyme. Examples of cyclooxygenase inhibitors are flavonoids and phenolic acids with a catechol-structure in the molecule [13] . In the class of arachidonic acid analogues, potent 5-lipoxygenase inhibitors were found among fatty acids [14] . There are only a few studies concerning the biological activities of Staphylea extracts. Significant antibacterial and cytotoxic activity of ethanolic extracts of S. holocarpa and S. pinnata have been reported [15, 16] . Also, significant antioxidant and immunomodulating activity have been found in various Staphylea extracts [17, 18] . The objective of our study was to investigate the anti-inflammatory activity of light petroleum extracts of four Staphylea species, to compare them and to determine their fatty acid content in order to elucidate the potential compounds responsible for these effects.
The light petroleum extracts of all four Staphylea species (S. colchica. -SC, S. elegans -SE, S. holocarpa -SH and S. pinnata -SP) were found to strongly inhibit COX-1 and COX-2 (76-88% inhibition at the screening concentration; Figure 1 ). 5-LOX-mediated LTB 4 formation was also inhibited, but to a lesser extent (42-62% inhibition at the screening concentration; Figure 1 ). COX-1, COX-2 and 5-LOX are key enzymes in the metabolism of arachidonic acid and, therefore, play an important role for production of potent inflammation mediators such as prostaglandins and leukotrienes.
From the extracts possessing >50% inhibitory activity at the screening concentration, IC 50 values were determined (Table 1) . IC 50 values ranged from 9.6 (SE) to 21.4 (SC) µg/mL for COX-1, and from 5.2 (SH) to 11.9 (SC) µg/mL for COX-2. SE and SP inhibited the isoenzymes COX-1 and COX-2 to a similar extent, while COX-2 was more strongly inhibited than COX-1 by SC and SH. Inhibition of LTB 4 formation was less pronounced for all tested extracts, with SC showing the best activity (26.7 µg/mL).
Unsaturated free fatty acids such as linoleic acid and α-linolenic acid are known to act as inhibitors of COX-1, COX-2 and LTB 4 formation in vitro [19, 20] . In our test system, the IC 50 values for linoleic acid were 14.0, 0.5 and 7.9 µM for COX-1, COX-2 and LTB 4 formation [21] , and for α-linolenic acid 12.4, 5.4 and 15.3 µM (COX-1, COX-2, LTB 4 formation), indicating considerable activity in all three assays.
Oleic acid was only active in the LTB 4 formation assay (IC 50 10.4 µM). The four Staphylea extracts were investigated for the presence of free fatty acids ( Table 2) . Apart from the saturated fatty acids, palmitic and stearic acid, different amounts of the unsaturated fatty acids oleic acid, linoleic acid and α-linolenic acid could be detected in all four extracts. Oleic acid was only present in very low amounts (0.08-0.38%). The amount of linoleic acid was around 1% in SC (1.12%) and SE (1.06%), and much lower in SH (0.46%) and SP (0.23%). Also, the α-linolenic acid content varied considerably between the four species. As for linoleic acid, high amounts were detected in SC (5.86%) and SE (5.03%), while considerably lower amounts were present in SH (2.21%) and SP (0.95%).
From these results, the amount of unsaturated free fatty acids present at the respective IC 50 values of the extracts was calculated and set in correlation to the IC 50 values of the pure fatty acids in order to get information on the role of these compounds in the activity of Staphylea extracts. As can be seen from Figure 2 , the presence of unsaturated fatty acids does not significantly contribute to the COX-1 inhibitory activity of the extracts. In the case of COX-2 inhibition, the linoleic and α-linolenic acid content of the extracts seems to be responsible for the activity of SC and SE, but obviously only plays a minor role for the activity of SH and SP due to the lower concentration present in these extracts. Concerning inhibition of LTB 4 formation, the presence of α-linolenic acid seems to contribute to the activity of SC and SE, but cannot totally explain it.
To summarize, the lipophilic extracts of S. holocarpa, S. pinnata, S. elegans and S. colchica were shown to be good inhibitors of COX-1 and COX-2 and moderate inhibitors of 5-LOX mediated LTB 4 formation. Inhibition of these enzymes might play a role in the traditional use of Staphylea preparations in the treatment of inflammatory diseases. However, further in vitro and in vivo studies will be necessary to obtain more evidence for this. The observed activity can partly be explained by the presence of free unsaturated fatty acids in the extracts, but, obviously other, as yet unknown constituents play a role. 
Experimental

COX-1, COX-2 and LTB 4 formation assays:
The assays for COX-1 and COX-2 inhibitory activity were performed as previously described [22, 20] 
Fatty acid analysis:
Free fatty acids present in the extracts were transformed to their respective methyl esters by treatment with BF 3 /MeOH, as previously described [19] , and quantified by GC-MS. Pentadecanoic acid (Sigma) was used as internal standard, and response factors for palmitic acid, stearic acid, oleic acid, linoleic acid and α-linolenic acid were determined. The linearity range for each fatty acid was determined by injection of different dilutions ranging from 0.01 to 0.5 mg/mL and by subjecting the results to linear regression analysis [21] . All measurements were performed in triplicate and results are given as means ± S.D.
GC-MS measurements were performed on a HP 6890 GC-MS system (Agilent Technologies, Waldbronn, Germany) equipped with a J&W Scientific DB 225 column (30 m, i.d. 0.25 mm, film 0.25 µm; Agilent Technologies). Helium (0.8 mL/min) was used as a carrier gas; injector and detector temperature were 220°C; and the following temperature program was used: 0-0.5 min 40°C; 40-195°C (25°C/min); 195-202°C (0.8°C/min).
